A rapid, sensitive, and reliable method was developed for the simultaneous determination of magnesium L-ascorbyl-2-phosphate (AS-PM) and kojic acid (KA), commonly using bleaching agents in cosmetic products. The method uses a prepacked C 18 microbore column for ion-pair liquid chromatography with photodiode array detection. The eluant is 0.5mM tetrabutylammonium bromide and 0.05M phosphate buffer, pH 5, containing 5% methanol, at a flow rate of 70 mL/min. The determinations of AS-PM and KA were linear in the range of 0.5-1000 and 0.25-500 ng, respectively. The precision of the assay ranged from 0.31 to 2.19%, and the detection limits (signal-to-noise ratio = 3) were 0.04 and 0.02 ng for AS-PM and KA, respectively. T he great demand for cosmetics in the global market has been accompanied by the analysis of cosmetic formulations. Magnesium L-ascorbyl-2-phosphate (AS-PM) is a derivative of ascorbic acid used in cosmetic products as a skin whitener and radical scavenger (1-3). Ascorbic acid is known to have beneficial effects on the skin, for example, suppressing melanin pigmentation, promoting collagen formation, and scavenging free radicals (4-6). Ascorbic acid is easily oxidized, which causes it to lose its protective effects. AS-PM yields ascorbic acid only when the molecule is cleaved (in the presence of a natural enzyme that is abundant in skin), and AS-PM has good stability in aqueous solution (4, 7). Kojic acid (KA), 5-hydroxy-2-(hydroxymethyl)-4H-pyran-4-one, is a metal chelator and is also generally used as a whitening agent in cosmetics (8-10). It can inhibit tyrosinase activity by chelating with metal ions (for example, copper; 11). A mixture of AS-PM and KA is added to cosmetic formulations to suppress free radical formation, promote collagen, and prevent serious sunburn caused by accumulation of melanin in subcutaneous tissue via tyrosinase-catalyzed metabolic pathways (8, 12) . 7, 13, 14) and KA (12, 15) are determined individually mostly by spectrometry or reversed-phase liquid chromatography (RP-LC) techniques. In most of the published LC procedures, a high concentration of organic eluant is used for separation. For example, Austria et al. (12) determined AS-PM with an amine stationary column and 40% acetonitrile as the eluant. Interestingly, in the present study with a microbore column, only a very small amount of organic eluant (5% methanol) was used. To the best of our knowledge, this is the first report of the simultaneous determination of AS-PM and KA.
T he great demand for cosmetics in the global market has been accompanied by the analysis of cosmetic formulations. Magnesium L-ascorbyl-2-phosphate (AS-PM) is a derivative of ascorbic acid used in cosmetic products as a skin whitener and radical scavenger (1) (2) (3) . Ascorbic acid is known to have beneficial effects on the skin, for example, suppressing melanin pigmentation, promoting collagen formation, and scavenging free radicals (4) (5) (6) . Ascorbic acid is easily oxidized, which causes it to lose its protective effects. AS-PM yields ascorbic acid only when the molecule is cleaved (in the presence of a natural enzyme that is abundant in skin), and AS-PM has good stability in aqueous solution (4, 7) . Kojic acid (KA), 5-hydroxy-2-(hydroxymethyl)-4H-pyran-4-one, is a metal chelator and is also generally used as a whitening agent in cosmetics (8) (9) (10) . It can inhibit tyrosinase activity by chelating with metal ions (for example, copper; 11). A mixture of AS-PM and KA is added to cosmetic formulations to suppress free radical formation, promote collagen, and prevent serious sunburn caused by accumulation of melanin in subcutaneous tissue via tyrosinase-catalyzed metabolic pathways (8, 12) .
AS-PM (4, 7, 13, 14) and KA (12, 15) are determined individually mostly by spectrometry or reversed-phase liquid chromatography (RP-LC) techniques. In most of the published LC procedures, a high concentration of organic eluant is used for separation. For example, Austria et al. (12) determined AS-PM with an amine stationary column and 40% acetonitrile as the eluant. Interestingly, in the present study with a microbore column, only a very small amount of organic eluant (5% methanol) was used. To the best of our knowledge, this is the first report of the simultaneous determination of AS-PM and KA.
The aim of this study was to develop a sensitive quantitative assay for the simultaneous determination of AS-PM and KA by using ion-pair microbore RP-LC with photodiode array (PDA) detection. Optimal conditions were systematically determined in terms of pH, organic modifiers, and ion-pairing agents for the mobile phase components, etc. Under the optimized conditions, commercial cream products were also analyzed.
Experimental
(a) Chemicals.-AS-PM, KA, and LC grade methanol were purchased from E. Merck (Merck-Schuchart, Darmstadt, Germany). Tetrabutylammonium bromide (TBA) and Na 2 HPO 4 were purchased from Reidel-de-Haen (Seelze, Germany). Aqueous solutions were prepared with double-distilled, deionized water. The organic solvents including 5% MeOH were filtered through a 0.45 µm membrane and degassed by using helium before the experiments. Unless otherwise stated, all chemicals were ACS-certified, analytical-grade reagents.
(b) Water.-Distilled, deionized, >1.5 million ohm/cm, and passed through a carbon filter (E-pure water purification system; Barnstead (Taichung, Taiwan), or equivalent.
Chromatography
(a) LC system.-A Beckman 126 quaternary pump and a Beckman 168 PDA detector were used (Taipei, Taiwan). Note that the PDA detector has major advantages over conventional UV detectors, because the spectrum obtained in the chromatogram can be processed and analyzed with respect to a specific absorption peak. In this study, a detection wavelength at 254 nm was uniformly taken from the PDA spectrum for quantitative analysis. A suitable check of the instrumentation can be made by injection of a 2-napthoic acid standard. The baseline can be monitored to check the regularity of PDA signal collection.
(b) Chromatographic separation.-A prepacked, C 18 column, 150 × 1.0 mm id, Intertsil ODS-2, 5 µm (G.L. Sciences, Tokyo, Japan) was used. Continuous injections were made via a CMA 200 autosampler (Carnegie Medicin, Stockholm, Sweden) with a set injection volume provided by a 5 µL sample loop. Peak areas of the chromatograms were calculated by using Beckman built-in software programs. This column and autosampler were used for the subsequent quantitative procedure.
(c) Chromatographic conditions.-The isocratic elution was performed with 0.5mM TBA and 0.05M Na 2 HPO 4 , adjusted to pH 5 with phosphoric acid and containing 5% (v/v) methanol. The flow rate was 70 µL/min. All experiments were performed at room temperature, 25 ± 2°C.
Sample Preparation
Cosmetic samples were prepared by extracting 1.0 g bleaching cream (or 0.5 g bleaching lotion) with double-distilled water in a 50 mL airtight conical flask. Standard solutions were also prepared with double-distilled water. After thorough mixing, the extract was filtered (Lida, Nylon-66, 0.22 µm), suitably diluted (dilution factors of 600 for the bleaching lotion and 300 for the bleaching cream), and used for subsequent experiments. The standard solution used for spiking the real sample contained 50-200 ng each of AS-PM and KA in the 5 µL loop. Note that the prescribed (or labeled) amounts of KA and AS-PM in the skin-whitening formula- tions were 1 and 0.5%, respectively, for bleaching lotion and 1.2 and 0.6%, respectively, for bleaching cream.
Quantification Procedures
Standard calibration curves for the compounds were constructed by plotting the individual peak area of each compound (y) versus its concentration (x). The concentration intervals of the standard solutions used were 0.5-1000 ng for AS-PM and 0.25-500 ng for KA. Linear regression analysis (y = mx + c) of the data (10 measurements) for each compound gave the values for the slope along with those for the intercept and the correlation coefficient for each calibration curve. The calibration curves were further used to determine unknown amounts of the bleaching agents. Percent recoveries were calculated by comparing the peak areas of the bleaching agents extracted from test samples with those obtained by direct injection of equivalent concentrations of analytes.
Results and Discussion

Optimization of Solution-Phase Parameters
Because the present system contained both polar (AS-PM) and nonpolar (KA) analytes, the ion-pairing reagent TBA was used to enhance the separation of the analytes in terms of retention time. To achieve relatively higher retention times for AS-PM and KA, the initial chromatographic parameters for TBA, percent methanol in the eluant, and solution pH, etc., were systematically analyzed. Figure 1A -C shows the effects of TBA, % MeOH, and solution pH, respectively, on retention time for the quantification of 40 ppm (200 ng) KA and 20 ppm (100 ng) AS-PM. Figure 1A shows that the retention time of AS-PM is directly dependent on TBA; however, the retention time of KA is independent of TBA as a result of the different polarities of the analytes. An increase in TBA significantly increased the retention time of AS-PM, as shown in the chromatograms. The results clearly indicated the need for an ion-pairing reagent in the mobile phase because AS-PM were eluted in the solvent front when TBA was not added to the mobile phase.
Methanol shows an inverse relationship with retention time for both AS-PM and KA in Figure 1B . The retention times of AS-PM and KA decreased in the presence of methanol. The concentration of methanol was fixed at 5% in all further experiments because it gave relatively well-defined chromatograms in minimum analysis time.
As Figure 1C shows, at a pH of <5 or >5 retention times were lower for both AS-PM and KA, indicating that a moderately acidic pH is suitable for the separation of AS-PM and KA. Thus, pH 5 was selected. Overall, the optimized elution conditions for LC determination of AS-PM and KA were 0.5mM TBA, 5% MeOH in a solution with a pH of 5.0.
Standardization Procedures
Under the above conditions, increases in the concentrations of KA and AS-PM showed good linear relationships with the chromatographic signals. The linear ranges obtained were 0.25-500 ng for KA and 0.5-1000 ng for AS-PM, which are considered to be the working concentration limits for these compounds in this method. Derived linear equations were y = 5.59x + 0.257 for KA and y = 2.48x -0.213 for AS-PM with a regression coefficient of 0.999. The precision of the present method was also determined as the relative standard deviation (RSD) of 30 replicate assays of 1, 10, and 100 ppm AS-PM and KA; RSD values obtained for those concentrations were 1.68, 0.45, and 0.76%, respectively, for AS-PM and 2.19, 0.38, and 0.31%, respectively, for KA. The detection limits for AS-PM and KA were 0.04 and 0.02 ng, respectively, calculated for a response 3 times that of the noise level (signal-to-noise = 3).
Application to Real Cosmetic Samples
The commercial samples were prepared as described in the Experimental section, and the extracts were suitably diluted to bring the AS-PM and KA concentrations within the linear range of the calibration graphs. Figure 2A shows a typical chromatogram for a standard mixture containing KA (40 ppm or 200 ng) and AS-PM (20 ppm or 100 ng), and Figure 2B shows a typical chromatogram obtained for the extract of a commercial cream, diluted by a factor of 300, labeled to contain 1.2% KA and 0.6% AS-PM. Note that the components under study were well resolved, and that the analyses were completed within 5 min. Analytical data for both of the commercial samples and standard mixtures are shown in Table 1 , which includes the assayed amount and recovery for each analysis. Excellent reproducibility was obtained for the tested bleaching products. RSD values obtained for the bleaching cream diluted by a factor of 300 (n = 30) were 0.70 and 0.62% for AS-PM and KA, respectively. The accuracy of the method was also determined by the analysis of spiked sam- curacy of the present method in these matrixes.
Conclusions
A method was developed for the simultaneous determination of AS-PM and KA by using C 18 packed ion-pair microbore RP-LC with PDA detection. Samples of 2 commercially available products were analyzed with good precision. The minimal use of eluant gives the present method a great advantage over conventional methods. The sensitivity, accuracy, and specificity of the method were satisfactory for the simultaneous determination of KA and AS-PM in bleaching cream and lotion.
